Several studies have evaluated the efficacy of preoperative embolization in devascularizing tumors. However, no study has measured intraoperative blood loss in a single palliative surgery compared with a control group without preoperative embolization. The purpose of this retrospective study was to evaluate the efficacy of preoperative embolization on intraoperative blood loss in palliative decompression and instrumented surgery using a posterior approach for spinal metastasis.
Several studies have evaluated the efficacy of preoperative embolization in devascularizing tumors. However, no study has measured intraoperative blood loss in a single palliative surgery compared with a control group without preoperative embolization. The purpose of this retrospective study was to evaluate the efficacy of preoperative embolization on intraoperative blood loss in palliative decompression and instrumented surgery using a posterior approach for spinal metastasis.
Between 2000 and 2010, forty-six patients underwent palliative decompression and instrumented surgery using a posterior approach for spinal metastasis in the thoracic and lumbar spine. Preoperative embolization was performed in 23 patients (embolization group), and surgery was performed within 3 days after embolization. The embolic materials used were polyvinyl alcohol particles, gelatin sponge, and metallic coils. Twenty-three patients did not undergo embolization (no embolization group). Pain and neurologic symptoms in all 46 patients were relieved postoperatively. Average intraoperative blood loss was 520 mL (range, 140-1380 mL) in the embolization group and 1128 mL (range, 100-3260 mL) in the no embolization group (P,.05). In the embolization group, intraoperative blood loss was not correlated with the degree of tumor vascularization, completeness of embolization, or time between embolization and surgery.
Intraoperative blood loss after preoperative embolization was less than half that after no preoperative embolization. S keletal metastasis is an increasingly frequent problem related to the longer life expectancy of patients with cancer. The spinal column is the most frequent site of bone metastasis; between 30% and 70% of patients with cancer will have evidence of spinal metastases at autopsy. [1] [2] [3] Surgery performed on patients with spinal metastases has been shown to be an excellent treatment for spinal instability, neurological complications, and severe pain that cannot be managed conservatively or by local radiation. 4, 5 In palliative surgery for spinal metastasis, direct decompression and stabilization with instrumentation are recommended because the results of sole laminectomy are not favorable. 6, 7 However, direct decompression of the metastasis can be associated with a risk of excessive or life-threatening bleeding. 8, 9 Several studies have described the technical aspects of preoperative embolization [9] [10] [11] and reported its efficacy on perioperative blood loss.
12-15 However, no study has measured its effect on intraoperative blood loss in a single palliative surgery compared with a control group without preoperative embolization.
The current study evaluated the efficacy of preoperative embolization on intraoperative blood loss in palliative decompression and instrumented surgery using a posterior approach for thoracic and lumbar spinal metastasis. A posterolateral transpedicular approach with posterior instrumentation is widely used in the surgical treatment of vertebral body metastases.
5,16

Material and Methods
Patient Population
This retrospective study included 46 consecutive patients (28 men and 18 women; mean age, 61.0 years [range, 18-80 years]) with thoracic and lumbar spinal metastasis who underwent surgery between 2000 and 2010. All patients had existing or impending neurological deficit due to spinal canal involvement.
Each patient underwent a palliative decompression and instrumented surgery using a posterior approach as the primary surgery for spinal metastasis. Patients who were treated with anterior or combined approaches or without instrumentation were excluded. No patient had bleeding diathesis. One to 4 vertebral levels were decompressed and 5 to 7 vertebrae were stabilized using posterior instrumentation.
Preoperative embolization was performed on 23 patients (embolization group: 15 men and 8 women; mean age, 62.8 years) ( Table 1 ). In the embolization group, the primary tumors were in the lung (n56), breast (n54), kidney (n54), prostate (n52), stomach (n52), and other organs (n55). Surgery was performed within 3 days after embolization. The other 23 patients did not undergo preoperative embolization (no embolization group: 13 men and 10 women; mean age, 59.2 years) ( Table 2 ). In the no embolization group, the primary tumors were in the lung (n57), prostate (n53), colon (n53), breast (n52), thyroid (n52), kidney (n52), and other organs (n54). In the 2 groups, no significant differences existed in the factors that could affect the degree of intraoperative blood loss (Table 3) .
In the authors' institution, preoperative embolization in radical surgery for spinal tumors has been routinely performed and is considered effective in reducing intraoperative blood loss. However, embolization in palliative surgery for spinal metastasis has not been routinely performed, mainly because the palliative surgeries were performed in an emergency situation.
Embolization Procedure
Patients underwent diagnostic angiography and embolization under local anesthesia using the femoral approach. Throughout the thoracic and lumbar levels, paired segmental arteries arise at each vertebral body level, with the exception of the upper thoracic spine, where the superior intercostal arteries should be assessed in addition to the supreme intercostal arteries (arising from the costocervical trunk). Selective catheterization of the corresponding segmental arteries, including 2 levels above and 2 levels below the tumor site, was performed, followed by selective angiography of the suspected feeding arteries. Depending on the tumor vascularization on the arterial angiogram, all lesions were graded by 2 independent radiologists (T.M., O.M.): mild for weak tumor blush after contrast injection, moderate for medium tumor blush, and extensive for significant tumor blush. Between 2000 and 2004, polyvinyl alcohol particles ranging in size from 125 to 500 µm and gelatin sponges, a temporary vascular occlusive agent, were used as embolic materials. Coils have been used in combination with polyvinyl alcohol to obliterate the segmental artery feeding the tumor in 14 patients since 2005. If the postembolization tumor stain was reduced by more than 90%, embolization was rated as fully successful (complete) and otherwise as partially successful (partial). The 9 embolizations without coils prior to 2005 were rated as partial.
Surgical Procedure
All 46 patients underwent surgical decompression and instrumented stabilization using a single posterior approach. When the tumor involved the vertebral body, anterior decompression following laminectomy was performed by means of a posterior transpedicular approach. When the tumor involved only the posterior and lateral elements, posterolateral decompression was performed by laminectomy and tumor excision. Intraoperative blood loss estimated by the anesthesiologists was obtained from the surgical records.
Statistical Analysis
Statistical analysis was performed with SPSS version 16.0 for Windows software (SPSS, Inc, Chicago, Illinois), and the significance level was set at a P value less than .05. The t test, chi-square test, and multiple comparison using the Dunnett T3 post-hoc test were used.
results
All embolization procedures were performed in a single session without causing neurologic deficit or skin or muscle necrosis. Tumor vascularization on the arterial angiogram was mild in 8 (34.8%) patients, moderate in 10 (43.5%) patients, and extensive in 5 (21.7%) patients. One to 3 segmental vessels were embolized in 4 (17.4%) patients, and 4 or more segmental vessels were embolized in 19 (82.6%) patients. Embolization was rated as complete in 7 (30.4%) patients and partial in 16 (69.6%) patients. In 7 (30.4%) patients, the tumor-feeding artery also supplied a radiculomedullary artery and was not embolized; this was a common reasons for partial embolization. Surgery was performed within 24 hours after embolization in 12 (47.8%) patients and more than 24 hours after embolization in 11 (52.2%) patients.
Pain and neurologic symptoms in all 46 patients were relieved postoperatively. Mean intraoperative blood loss in the embolization group was 520 mL (range, 140-1380 mL) and 1128 mL (range, 100-3260 mL) in the no embolization group (P,.05) ( Table 4 ). In the embolization group, average intraoperative blood loss was 304 mL (range, 140-580 mL) with weak tumor vascularization, 544 mL (range, 380-1270 mL) with moderate tumor vascularization, and 820 mL (range, 440-1380 mL) with extensive tumor vascularization. These values were significantly lower than those in the no embolization group (P,.05). However, no significant differences existed between the groups. Average intraoperative blood loss was 347 mL (range, 150-480 mL) after complete embolization and 596 mL (range, 170-1380 mL) after partial (incomplete) embolization, but the difference was not statistically significant. Even in partial embolization, intraoperative blood loss was significantly lower than that in the no embolization group. Average intraoperative blood loss was 535 mL (range, 140-1270 mL) with embolization within 24 hours preoperatively and 505 mL (range, 170-1380 ml) with embolization more than 24 hours preoperatively, with no statistical difference.
Case report
A 57-year-old man presented with severe back pain and paraparesis due to spinal cord compression with T12 metastasis from renal cell carcinoma (Figure 1) . In spinal angiography before embolization, tumor vascularization was extensive and the artery of Adamkiewicz was originating from the same pedicle as the tumor, which was not embolized (Figure 2 ). The other 4 segmental vessels were embolized successfully, but the embolization was rated as partial. Three days after embolization, palliative posterior surgery was performed. Intraoperative bleeding was well controlled, and circumferential decompression of the spinal cord and stabilization with posterior instrumentation at T10-L2 was successfully achieved ( Figure  3 ). Operative time was 268 minutes, and intraoperative blood loss was 1380 mL, which was the highest in the embolization group. The patient's pain and neurologic symptom improved immediately postoperatively. He died 6 months postoperatively without symptomatic recurrence.
disCussion
The use of selective arterial embolization to treat bone tumors was first described in 1975 by Feldman et al. 17 Many radiologists then reported the efficacy of preoperative arterial embolization on perioperative blood loss for spinal metastasis. 9, 10, [12] [13] [14] [15] The amount of intraoperative blood loss may vary according to the operative procedure, the vascularity of the tumor, the completeness of the embolization, and the timing between embolization and surgery. The limitations of most studies on preoperative embolization include 10 the use of various surgical procedures and the lack of control groups. In most patients with spinal metastasis, the metastatic site is the thoracic and lumbar spine, and palliative posterior surgery with instrumentation is widely applied. Therefore, the current authors evaluated the effectiveness of preoperative embolization in palliative decompression and instrumented surgery using a posterior approach for thoracic and lumbar spinal metastasis. They hypothesized that the effect of embolization would be most significant when tumor excision was performed from a posterior approach where prior ligation of the segmental vessels would not be performed before tumor excision.
As per general principles of transarterial embolization, the "back door" of the segmental artery must be occluded to deliver embolic particles to the target neovascular territory without risk of nontarget embolization to distal territories. 10 This embolization is best done using embolic coils. Although segmental arteries tend to supply a single segmental distribution, bimetameric or trimetameric trunks can occur, typically in the thoracic region. In these situations, embolization of all segmental arteries downstream from the target embolic site using embolic coils is required before beginning particle embolization. This maneuver has been used in the authors' institution since 2005 and has led to successful embolization.
Some studies have described excessive intraoperative bleeding after incomplete preoperative embolization. 13, 18 Other studies have described no significant association between the embolization grade and intraoperative blood loss. 14, 19 Complete embolization was achieved in 30% of cases in the current study, compared with 50% to 81% in comparable studies. 9, 13, 18 These differences may be explained by the current authors' strict criteria of complete embolization and cautious embolization technique: embolization was aborted when doubt existed concerning potential spinal feeders. This strategy is supported by the result that the intraoperative blood loss after partial embolization was signifi- cantly lower than that without embolization. Guzman et al 15 reported that no significant difference existed in intraoperative blood loss among 3 groups divided according to the degree of tumor vascularization. A similar finding was observed in the current study and further proves that preoperative embolization is effective.
Several authors have described the optimal timing between embolization and surgery. 9, 20 The main concerns are arterial recanalization and collateral blood flow establishment. Surgery performed within 72 hours of embolization (optimally within 24 hours) has been shown to result in decreased perioperative blood loss compared with surgery performed beyond this time period. 9, 20 In the current study, all surgeries were performed within 72 hours of embolization, and no difference existed in intraoperative blood loss between surgeries performed within 24 hours and at more than 24 hours.
This study had some limitations. Various primary tumor types were included in the 2 cohorts. However, all patients had a single posterior surgery, and no significant differences existed between the 2 groups in terms of demographics (Table 3 ). Surgeons knew whether the patients underwent preoperative embolization; therefore, an inherent bias existed where the surgeons may have paid more attention to intraoperative blood loss in the embolization group. In addition, the study was not randomized or prospective. It was a retrospective comparative study (level of evidence, III). Despite this design limitation, preoperative embolization was found to be significantly effective in reducing intraoperative blood loss during palliative surgery for spinal metastasis.
ConClusion
Preoperative embolization of spinal metastases is safe and effective in restricting preoperative perfusion; intraoperative blood loss can be significantly reduced. In patients who underwent palliative decompression and instrumented surgery using a posterior approach, intraoperative blood loss after preoparative embolization was less than the half that without preoperative embolization. 
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